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ABSTRACT
Chung, Wei-Lun. Ph.D. The University of Memphis. December 2015. Auditory
Processing and Linguistic Prosody as Cross-Linguistic Precursors in Reading
Development. Major Professor: Linda Jarmulowicz, Ph.D.
Little is known about the role of prosody in word reading. Mandarin-English
bilingual speakers who speak Mandarin as a first language (L1) and English as a second
language (L2) are particularly interesting because they must acquire two
segmental/phonology systems (Mandarin has simpler syllable structures than does
English), linguistic prosody systems (Mandarin tone and English stress), and
orthographic systems (Chinese characters and English alphabet). The two papers
included in the dissertation implemented correlational designs to examine the
contributions of prosodic awareness and other variables to word reading in adult
Mandarin-speaking English learners and Mandarin-English bilingual children.
The first paper examined English stress perception and production in derivation,
and English L2 word reading in adult Mandarin-speaking English learners. The study
found that stress perception in derivations with non-neutral suffixes predicted word
identification after controlling for working memory and English vocabulary, whereas
stress production in derivations with neutral suffixes, independent of working memory
and English vocabulary, predicted word identification and pseudoword decoding. This
suggests that the adult English learners are less proficient in using non-neutral suffix cues
for lexical stress production and word reading, because they may rely on lexicon or
lexical memory but not non-neutral suffix cues for lexical stress placement as native
English speakers do.
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The second paper examined auditory processing (i.e., pitch contour, pitch interval,
and rise time), linguistic prosody awareness (i.e., Mandarin tone perception, English
stress perception and production), phonological awareness (i.e., final phoneme awareness
in Mandarin and English), and their relationship with Mandarin L1 and English L2 word
reading in Mandarin-English bilingual children. The study revealed that pitch contour
discrimination and rise time discrimination predicted Mandarin L1 and English L2 word
reading, respectively. Mandarin tone perception was more important to Mandarin L1
word reading than was Mandarin final phoneme awareness. In contrast, English final
phoneme awareness was more important to English L2 word reading than was English
stress perception or production. Collectively, auditory processing and linguistic prosody
awareness play different roles in Mandarin L1 and English L2 word reading, reflecting
differences in phonology and orthography, and the interference between Mandarin and
English.
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Chapter 1
General Introduction
A reader needs to analyze individual sounds (i.e., phonological awareness), map
sounds to letters, and then sound out words. Hence, there has been a tremendous wave of
interest in the relationship between phonological awareness and word reading (Muter,
Hulme, Snowling, & Taylor, 1998). In more recent years, we have seen mounting
evidence of the important contributions of auditory processing (i.e., the ability to perceive
acoustic features relevant to prosody) and linguistic prosody awareness (i.e., awareness of
sound patterns beyond individual sounds) to reading ability (Zhang & McBride-Chang,
2010).
As shown by the solid-line ovals in Figure 1, Zhang and McBride-Chang (2010)
proposed a four-stage reading model in which auditory processing is the foundation for
linguistic prosody, which in turn facilitates reading ability through phonological
awareness. This suggests that auditory cues relevant to prosody and prosodic awareness
are important to word reading.

Figure 1. The proposed four-stage reading model

Additionally, a meta-analysis of six studies regarding the relationship between
linguistic prosody awareness and reading ability is shown in Figure 2. No confidence
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interval of any correlations crossed the zero line, suggesting that English stress
perception (Clin, Wade-Woolley, & Heggie, 2009; Whalley & Hansen, 2006), Cantonese
tone perception (McBride-Chang et al., 2008; So & Siegel, 1997), and Mandarin tone
perception (Siok & Fletcher, 2001) all do have some relationship with reading ability.
The summary effect (represented by the diamond) using a random-effect model indicated
that the summary correlation between linguistic prosody awareness and reading ability is
around 0.5 across studies. Collectively, awareness of prosodic patterns is crosslinguistically important to reading acquisition.

Figure 2. Forest plot of the correlations between linguistic prosody
awareness and reading ability across cross-linguistic studies.

Within the extensive literature on auditory processing, linguistic prosody
awareness, and word reading in English as a first language (L1), comparatively little
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research has focused on these variables in English as a second language (L2).
Specifically, it remains unclear how English learners use English prosodic cues (i.e.,
patterns of stressed and unstressed syllables) to pronounce words. The research
contained in this dissertation aimed to examine English stress perception and production,
and their relationship with English L2 word reading in Mandarin-speaking English
learning adults and children.
While considerable attention has been paid in the past to research issues related to
auditory processing and linguistic prosody awareness in an alphabetic language like
English, more studies need to be conducted to examine the variables in a logographic
language like Mandarin that uses prosodic patterns (i.e., lexical tone) at the syllable level
to distinguish morphemes and Chinese characters to represent printed words. This
dissertation research aimed to examine whether auditory processing and linguistic
prosody could contribute to Mandarin L1 word reading.
The dissertation is a collection of two submitted journal papers. The first paper
investigated English primary stress placement in derivations with neutral and non-neutral
suffixes, and their relationship with English L2 word reading in adult Mandarin-speaking
English learners. It implemented a correlational design to examine the contributions of
English primary stress placement in neutral derivation and non-neutral derivation to
English L2 word reading after controlling for working memory and English vocabulary.
To our knowledge, it was the first study to delineate the relationship between English
primary stress placement in derivation and English L2 word reading in adult Mandarinspeaking English learners.
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As an extension of the first paper, the second project investigated the links
between auditory processing, language-specific linguistic prosody awareness,
phonological awareness, and Mandarin L1 and English L2 word reading in MandarinEnglish bilingual children. It examined whether the contributions of linguistic prosody
awareness and phonological awareness to English L2 word reading differed from those to
Mandarin L1 word reading. It also examined whether there were auditory cues specific
to English L2 and Mandarin L1 word reading.
Collectively, the two papers examined auditory cues relevant to language-specific
prosodic patterns, and English and Mandarin prosodic awareness in Mandarin speakers in
order to understand the role of prosody in English L2 and Mandarin L1 word reading.
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Chapter 2
English Stress Perception and Production in Derivation, and Word Reading
in Adult Mandarin-Speaking English Learners
Recently, several empirical studies revealed that English stress perception and
production predicted reading ability in native English speakers (Clin et al., 2009;
Goswami, Gerson, & Astruc, 2010; Jarmulowicz, Taran, & Hay, 2007; Whalley &
Hansen, 2006). Up to this point, however, little is known about the links among English
stress perception in derivation, stress production in derivation, and word reading in
Mandarin-speaking adult English learners (AEL). Mandarin-speaking AELs are a
particularly interesting population, because they need to master a prosodic system
different from their native tone system. English uses stress to signal strong and weak
syllables (e.g., diPLOma and DIplomat—the capitalized letters represent a stressed
syllable whereas the uncapitalized letters indicate an unstressed syllable). In contrast,
Mandarin uses phonemic tones to distinguish morphemes (e.g., tang1 ‘soup’ and tang2
‘sugar’—the superscript numbers are the conventional way of indicating different tone
patterns in Mandarin). Difficulty with English stress might result, not only in oral
language intelligibility issues, but also in difficulties sounding out multisyllabic words in
academic-oriented papers or textbooks.
Cross-Language Interference for English Stress Perception and Production
Perception and production of stress is a relative phenomenon (i.e., one needs a
minimum of two syllables to determine whether one syllable receives relatively more
or less stress than the other). Stress is realized through different acoustic properties
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such that a stressed syllable typically has higher frequency, higher intensity, and
longer duration than does an unstressed syllable (Fry, 1958; Kehoe, Stoel-Gammon,
& Buder, 1995; Morton & Jassem, 1965). In English-speaking adults, vowel duration
and syllable peak intensity are cues for English stress perception (Fry, 1955).
Mandarin, the most dominant dialect of Chinese, is not a stress language.
Mandarin has four tones (Duanmu, 2007; Li & Thompson, 1978) and each tone can be
acoustically represented by frequency height and frequency contour (Howie, 1976; Liu,
1924; Wu, 1986). The acoustic feature fundamental frequency is shared by English stress
and Mandarin tone. Hence, Mandarin-speaking AELs might use frequency as a cue for
English stress perception (Ou, 2010; Yu & Andruski, 2010) and production (Zhang,
Nissen, & Francis, 2008).
English Stress in Derived Words
For English multisyllabic words, morphology also influences English stress
placement. Derivational suffixes in English can be classified into two
morphophonological categories: neutral or non-neutral. The morpheme -ment as a
neutral suffix results in no phonological change to the stem (e.g., abandon) when the
suffix is added (e.g., abandonment). Thus, it is phonologically neutral relative to the
base word to which it attaches. In contrast, non-neutral suffixes alter the
pronunciation of derived words resulting in two types of phonological change:
segmental change and suprasegmental change. Segmental changes will influence
vowel quality (e.g., heal/health) or result in a consonant alternation
(electric/electricity). Suprasegmental change will result in re-syllabification and
primary stress shift (e.g., festive/festivity) (Jarmulowicz, in press and Jarmulowicz &
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Hay, 2009 for a more detailed discussion on morphophonological changes).
Sometimes, segmental changes and suprasegmental changes occur in derived words
simultaneously. For instance, as the stem perfect and suffix –ion are combined
together, the final /t/ sound in the base word becomes /∫/ and the primary stress moves
from the first to the second syllable right before the suffix –ion.
Additionally, Wade-Woolley and Heggie’s (2015) study with adult Englishspeaking readers revealed that no significant difference was observed between stress
perception in neutral derivation and in non-neutral derivation. In contrast, Englishspeaking children had more difficulty producing stress in non-neutral derivation than
in neutral derivation (Clin et al, 2009; Jarmulowicz, 2006). The findings suggest that
suffix types may influence stress production but not stress perception in native
English speakers.
English Stress and Reading in Native English Speakers
English-speaking listeners appear to use English stress as a cue to segment the
speech stream (Cutler, 1996). From a developmental perspective, the perceptual
salience of stressed syllables and the patterning of stressed and unstressed syllables
may provide cues for infants to segment the stream of speech into words (Echols,
1996). Furthermore, stressed syllables foster the detection of phonemes more than
unstressed syllables do, in both children (Wood & Terrell, 1998) and adults (Mehta &
Culter, 1988). These findings suggest that stress may contribute to reading
acquisition by providing cues for speech segmentation.
Recently, word-level stress perception in novel derived words was assessed in
adult English-speaking readers (Wade-Woolley & Heggie, 2015). Adult readers were
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auditorily presented a non-word stem (FROsure) and then required to choose the one
with accurate stress placement from two derived alternatives (FROsureful vs.
froSUREful). The accuracy of stress placement is influenced by derivational suffixes. A
stem and its derived pseudoword with neutral suffix (-ful) share the same primary stress
placement (FROsure becomes FROsureful); whereas a stem and its derived pseudoword
with non-neutral suffix (-ity) do not share the same primary stress placement (NOCtic
becomes nocTICity). Stress perception in derivation (either with neutral or non-neutral
suffixes) was not significantly associated with word reading or pseudoword decoding in
these adult readers, suggesting that skilled readers demonstrate little individual difference
in perceiving accurate stress placement in derived pseudowords. Hence, English stress
perception seems to be a less robust predictor of reading in adult English-speaking
readers than in English monolingual children.
English stress production elicited by morphological composition is another area
that appears to be associated with reading acquisition. Jarmulowicz et al. (2007) used a
derived word production task (DWPT) with third graders to tap stress production in
derivation while combining a stem (e.g., active) and a non-neutral suffix (e.g., -ity).
Accurate stress production in non-neutral derivation accounted for 13.2% of the variance
in pseudoword decoding after controlling for age, core language, phonological awareness,
and morphological awareness. Moreover, Clin et al. (2009) revealed that stress
production in non-neutral derivation had a stronger relationship with reading ability than
did stress production in neutral derivation. Taken together, stress production in
derivation, particularly in words containing non-neutral suffixes, appears to be a strong
predictor of English reading ability in English monolingual children.
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Learner Characteristics and L2 Acquisition
Little is known about word-level English stress perception and production and
their relationship with reading in AELs; however, word-level English stress perception
and production might be implicated in English vocabulary, working memory, and lexical
representation in AELs. According to Ullman’s (2005) proposed declarative and
procedural model and Archibald’s (1997) work on stress acquisition by speakers of tone
languages, Mandarin-speaking AELs might be more dependent on declarative memory
(i.e., mental lexicon) to process English stress than are native English speakers, who
might be able to compute it in procedural memory (rule-governed system). For instance,
AELs might memorize which syllable receives primary stress in derived words (e.g.,
activity), but a native English speaker could compute it through their knowledge of
English suffixes—stress is assigned to the syllable before a non-neutral suffix (e.g., -ity).
Working memory has received considerable attention from second language
learning. Working memory measured by nonword repetition was found to be a
significant predictor of English word learning in Cantonese-speaking teenagers with low
English vocabulary (Cheung, 1996) and in Mandarin-speaking preschoolers with poor
English word learning (Hu, 2003). These findings suggest that working memory may
play an important role in English word learning in beginning English learners, whereas
the effect of working memory might be minimized and replaced by existing vocabulary
in proficient English learners. Collectively, the relationships between English stress
perception, production, and word reading should be examined with English vocabulary
and working memory taken into account.
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Research Questions
RQ1. Given the differences between the prosodic systems in the Mandarin and
English languages, it was expected that lexical stress might be difficult for tone language
speakers. The two-parts of this question are as follows:
RQ1.a. Would Mandarin-speaking AELs perceive and produce lexical stress in
derived English words above chance levels? Assuming the adults had enough exposure
to the spoken language, AELs should have some implicit understanding of the stress
patterns in English words and should perform above chance.
RQ1.b. Will suffix type influence English stress perception and production by
Mandarin-speaking AELs? Based on previous studies on stress perception (WadeWoolley & Heggie, 2015) and production (Clin et al., 2009; Jarmulowicz, 2006) in
monolingual English-speaking children, it was expected that Mandarin-speaking AELs
would demonstrate better performance on stress production in neutral derivation than in
non-neutral derivation. It was further expected that production would be less accurate
than perception; however, based on findings with native English speaking adults, no
difference was expected between stress perception in neutral derivation and in nonneutral derivation.
RQ2. Considering the relationships in the monolingual developmental literature
between stress perception, production, and word reading, we asked whether similar
results would be observed in Mandarin-speaking AELs. Specifically, what are the
relative contributions of stress in neutral derivation and stress in non-neutral derivation to
word identification and pseudoword decoding after controlling for working memory and
English vocabulary in Mandarin-speaking AELs? Based on previous literature (Clin et

!

10!

!
al., 2009; Jarmulowicz et al., 2007), we expected that stress perception and production in
non-neutral derivation would contribute to word identification and pseudoword decoding.
Methods
Participants
Thirty-three Mandarin-speaking college students in Taipei, Taiwan participated in
the current study (8 males and 25 females; Age: M = 23.47 years, SD = 3.92 years). All
participants were recruited by internet advertising. Twenty-nine participants filled in an
online questionnaire and 20 of them began learning English during elementary school, 5
during preschool, and 4 before preschool. The 33 college students were all majoring in
English and had received academic training in English language skills, English
instruction, linguistics, English-Chinese translation, or British and American literature via
English as a medium of instruction. Based on the Common European Framework of
Reference for Language: Learning, Teaching, Assessment (CEFR; Council of Europe,
n.d.), the 33 college students in Taiwan could be regarded as independent users with B1intermediate-level because the college students in Taiwan need to reach the B2 threshold
to meet the graduate requirement.
Measures
Working Memory. Working memory was measured by the Digit Memory Test
in Mandarin (Turner & Ridsdale, 2002). Participants repeated 15 sequences of numbers
forward and then another 15 sequences of numbers backward. Sequences were provided
verbally by the test administrator. Performance for forward and backward digit span was
collapsed and calculated as a proportion correct (i.e., raw scores were divided by 30 test
items).
!
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English Vocabulary. English vocabulary was assessed by two standardized tests:
Peabody Picture Vocabulary Test-IV (PPVT-IV; Dunn & Dunn, 2007) and Expressive
Vocabulary Test-II (EVT-II; Williams, 2007). The stimuli for the PPVT-IV task were
pre-recorded by a native English speaker. Each participant was auditorily presented a
word and then required to choose a picture that matched the spoken word from four
options. All participants started from the age 19-adult level. All participants achieved a
basal in which one or no error was found in a set of 8 items. The test was terminated
once either eight or more errors were found in a set of 8 items, or when all test items were
completed.
For the EVT-II task, each participant listened to a question posed by the test giver
while looking at a picture. They were required to respond to the question with only one
word. All participants began from the age 15-adult level. A basal was obtained with the
first five consecutive correct items. The test was terminated once five consecutive errors
were observed or when all test items were finished. For the both PPVT-IV and EVT-II,
participants’ performance was calculated as raw scores, because the standard scores are
not meaningful for Mandarin-speaking English learners.
Stress Perception in Derivation. Stress perception in derivation was measured
by Wade-Woolley’s aural suffix judgment task (Wade-Woolley & Heggie, 2015). This
task tapped English learners’ English stress perception in derived pseudowords with
neutral and non-neutral suffixes. In each test item, English learners heard pre-recorded
stimuli as follows: (1) A pseudoword (FROsure–the first syllable is stressed); (2) The
same pseudoword appeared in a sentence (The coffee has FROsure—the first syllable is
stressed); (3) Two sentences where the same pseudoword sounded in two different ways
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(It is FROsureful—the first syllable is stressed versus It is froSUREful—the second
syllable is stressed). Participants identified the sentence in which the pseudoword
sounded like a real English word to them. They scored one point when they identified
the derived pseudoword with accurate primary stress placement (e.g., It is FROsureful).
Two practice items preceded 30 test items. The 30 test items were classified into 2
conditions: 15 pseudowords derived from 7 neutral suffixes, -ful, -less, -ly, -ness, -er, ment, -ize; and 15 pseudowords derived from 3 non-neutral suffixes, -ity, -ic, -tion.
Stress Production in Derivation. Stress production in derivation was elicited by
Jarmulowicz’s (2006, 2007) derived word production task (DWPT). This task elicited
English stress production in derived words with neutral and non-neutral suffixes through
the combination of stems and suffixes. Each participant listened to pre-recorded phrases
(e.g., Put –ic on the end of ARtist—the first syllable is stressed), and then they said the
derived word aloud (e.g., arTIStic—the second syllable is stressed). Items received 1
point for accurate stress production in a derived word based on perceptual judgment.
Two practice items preceded 44 test items. Test items consisted of 20 derived words with
three neutral suffixes: -ize, -ness, & -ment (no stress shift) and 24 derived words with
three non-neutral suffixes: -ity, -ic, & -tion (stress shift).
Word Identification and Pseudoword Decoding. English word identification
and pseudoword decoding were assessed with two subtests of the Woodcock Reading
Mastery Test-Revised (Woodcock, 1988): word identification and word attack,
respectively. To understand the relative contributions of different English stress abilities
and basic cognitive abilities to the two reading tasks, word identification and pseudoword
decoding were regarded as separate dependent variables (see Whalley & Hansen, 2006
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for a similar approach). For the word identification task, each participant read a list of
real words on each easel page; for the pseudoword decoding task, each participant read a
list of pseudowords on each easel page. All participants began at the college/graduate
level. The task was administered to all participants according to published guidelines.
For both tasks, the raw scores were used as a measure of participants’ performance.
Procedures
The research proposal was approved by the Institutional Review Board at the
University of Memphis. All tasks were administered by the first author to each
participant in one session spanning 1 hr and 40 min to 2 hrs. The students in Taiwan
received $100 new Taiwan dollars after their participation in the study.
Two sequences of task presentation were created to diminish the effect of
inattention on the performance on tasks given at the end of the study. Each participant
was randomly assigned a number when he or she agreed to participate in the study and
signed an informed consent form. Participants with odd numbers were given the
following task sequence: stress production in derivation, stress perception in derivation,
word identification, pseudoword decoding, PPVT-IV, EVT-II, and working memory.
Stress production in derivation task began from item 1 to item 44. Even numbered
participants received all tasks in reversed order. Plus, stress production in derivation
began from item 23 to item 44 and then from item 1 to item 22.
Reliability
Inter-rater scoring reliability was examined using a two-way mixed, absolute
agreement, single-measures intra-class correlation (ICC) (Hallgren, 2012). The degree
that two coders provided absolute values in their ratings of English stress production in
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derivation was assessed in about 30% of participants (10 adults). The resulting ICC
was .936 and appeared in the excellent range between .75 and 1.0 (Cicchetti, 1994),
indicating that English stress production in derivation was rated similarly across coders.!
Results
Descriptive statistics for all measures is shown in Table 1. To examine the extent
to which Mandarin-speaking AELs perceived English stress, the performance on stress
perception in derivation was compared to chance (50%) because each participant chose
which one of two pseudowords sounded like a real English word. Their stress perception
performance outperformed chance in the derived pseudowords with neural suffixes (t(32)
= 7.78, p < .000, 95% CI [0.17, 0.26]), the derived pseudowords with non-neutral
suffixes (t(32) = 8.77, p < .000, 95% CI [0.18, 0.28]), and all derived pseudowords (t(32)
= 10.50, p < .000, 95% CI [0.17, 0.26]). Perception accuracy was not significantly
different between the derived pseudowords with neutral and those with non-neutral
suffixes (t(32) = -1.06, p = .29, 95% CI [-0.10, 0.03]).
To examine whether Mandarin-speaking AELs produced accurate stress in
derived words better than would be expected by chance, we compared performance on
the DWPT to the likelihood that stress would be assigned correctly by chance. This was
calculated by dividing one primary stressed syllable by the number of syllables in each
word (e.g., 25% for the word reality). The derived words with neutral suffixes included
14 trisyllabic words and 6 four-syllable words. The grand mean proportion correct at
chance for the neutral suffix words was 26%. The derived words with non-neutral
suffixes contained 6 trisyllabic words, 14 four-syllable words, 3 five-syllable words, and
1 six-syllable word. The grand mean proportion correct at chance for the non-neutral
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suffix words was 31%. The grand mean proportion correct of the chance for all derived
words was 28%.

Table 1
Means and Standard Deviations for all Measures
Measures

Mean

Working memory (30)

SD

.80

.10

254.06

43.55

English receptive vocabulary (228)

152.55

24.18

English expressive vocabulary (190)

101.52

21.27

.71

.11

Derived pseudowords with neutral suffix (15)

.70

.14

Derived pseudowords with non-neutral suffix (15)

.73

.15

.67

.18

Derived words with neutral suffix (20)

.81

.13

Derived words with non-neutral suffix (24)

.55

.24

Word identification (106)

76.73

7.07

Pseudoword decoding (45)

32.03

5.83

English vocabulary composite (418)

Stress perception in derivation (30)

Stress production in derivation (44)

Note. The value within the parentheses indicates the maximum number of trials. All
unstandardized measures are reported as mean proportion correct scores, whereas four
standardized tests (i.e., PPVT-IV, EVT-II, word identification, and word attack) are
reported as mean raw scores.
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Mandarin-speaking AELs performed better than chance producing accurate stress
in the derived words with neutral suffixes (t(32) = 22.69, p < .000, 95% CI [0.50, 0.60]),
the derived words with non-neutral suffixes (t(32) = 5.71, p < .000, 95% CI [0.15, 0.33]),
and overall derived words (t(32) = 12.46, p < .000, 95% CI [0.32, 0.45]). Nevertheless,
their performance in derived words with neutral suffixes (e.g., -ful) was better than in
those with non-neutral suffixes (e.g., -ity) (t(32) = 7.42, p < .000, 95% CI [0.18, 0.32]).
Mauchly’s test indicated that the assumption of sphericity was met. A one-way
repeated-measures ANOVA analysis showed significant differences across the four
English stress tasks (F(3, 96) = 19.821, p < 0.00, η2 = 0.382). The post hoc tests revealed
that stress production in non-neutral derivation was significantly harder than all other
stress tasks (p < .01). In contrast, stress production in neutral derivation was significantly
more accurate than all other stress tasks (p < .01). No significant difference was
observed between stress perception in neutral derivation and stress perception in nonneutral derivation (p = 1.0).
The intercorrelations for all measures are presented in Table 2. English
vocabulary was a composite of PPVT-IV and EVT-II (Cronbach alpha = .906). English
vocabulary was significantly associated with all measures except stress perception in
neutral and non-neutral derivation. Word identification and pseudoword decoding were
also significantly related to all variables, with the exception that no significant
association was observed between pseudoword decoding and stress perception in neutral
and non-neutral derivation. Stress perception and stress production in derivation were
significantly correlated regardless of neutral or non-neutral suffixes.
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Furthermore, stress perception in non-neutral derivation was only significantly
correlated with word identification (r = .523, p < .01) but not pseudoword decoding (r
= .033, p = .860) when working memory and English vocabulary were partialled out.
Stress production in neutral derivation was significantly related to word identification (r
= .479, p < .01) and pseudoword decoding (r = .431, p < .05) after partialling out working
memory and English vocabulary. In contrast, neither stress perception in neutral
derivation nor stress production in non-neutral derivation was significantly associated
with word identification and pseudoword decoding after partialling out working memory
and English vocabulary.
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Table 2
Intercorrelations for all Measures
1

2

3

4

5

6

7

1. Working memory

-

2. English vocabulary

.511**

-

3. Stress perception in neutral derivation

.013

.296

-

4. Stress perception in non-neutral derivation

.107

.108

.246

-

5. Stress production in neutral derivation

.374*

.571***

.356*

.478**

-

6. Stress production in non-neutral derivation

.443**

.573***

.436*

.406*

.607***

-

7. Word identification

.370*

.589***

.341*

.486**

.658***

.492**

-

8. Pseudoword decoding

.422*

.410*

.069

.088

.566***

.415*

.432*

*p ≤ .05. **p ≤ .01. ***p ≤ .001.
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Several hierarchical regression analyses were used to explore the relative
contributions of stress perception and production in neutral and non-neutral derivation to
word identification and pseudoword decoding after controlling for working memory and
English vocabulary. Preliminary analyses revealed that the assumptions of independence,
normality, and homoscedasticity were met and no multicollinearity problems were found.
No influential data points were excluded because the observed maximum values of
Mahalanobis distance, Cook’s distance, and centered leverage did not exceed their
critical values.
Stress Perception and Reading
The two dependent variables were word identification and pseudoword decoding.
The independent variables were entered in a fixed order: (1) working memory and
English vocabulary, (2) stress perception in neutral derivation, and (3) stress perception
in non-neutral derivation. Both working memory and English vocabulary were entered
first to control English learners’ basic cognitive abilities and general English language
abilities. The entry step of stress perception in neutral and non-neutral derivation was
also reversed in order to delineate the relative contributions of suffix type to word
identification and pseudoword decoding.
As displayed in Table 3, the hierarchical regression analyses indicated that stress
perception in non-neutral derivation explained significant additional variance in word
identification after controlling for working memory and English vocabulary. The amount
of the unique variance in word identification explained by stress perception in nonneutral derivation decreased from 17.7% to 14.9% when stress perception in non-neutral
derivation was entered after stress perception in neutral derivation. In this model, these
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four independent variables together predicted 53.9% of the significant variance in word
identification (F(4, 28) = 8.176, p < .001). In contrast, neither stress perception in neutral
derivation nor stress perception in non-neutral derivation predicted significant additional
variance in pseudoword decoding after controlling for working memory and English
vocabulary.

Table 3
Hierarchical Regressions of Working Memory, English Vocabulary, Stress Perception in
Neutral and Non-neutral Derivation on English Word Identification and Pseudoword
Decoding
Word identification

Pseudoword decoding

Model

Step

Final β

R change

Final β

R2 change

1&2

1. Working memory

.084

.353***

.282

.229*

English vocabulary
1

2

.472**

.269

2. Stress perception
neutral derivation
3. Stress perception
non-neutral derivation

.101

.036

-.023

.000

.401**

.149**

.034

.001

2. Stress perception
non-neutral derivation
3. Stress perception
neutral derivation

.401**

.177**

.034

.001

.101

.009

-.023

.000

Total R2

.539***

*p ≤ .05. **p ≤ .01. ***p ≤ .001.
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Table 4
Hierarchical Regressions of Working Memory, English Vocabulary, Stress Production in
Neutral and Non-neutral Derivation on English Word Identification and Pseudoword
Decoding
Word identification

Pseudoword decoding

Model

Step

Final β

R2 change

Final β

R2 change

1&2

1. Working memory

.036

.353***

.233

.229*

English vocabulary
1

2

2. Stress production
neutral derivation
3. Stress production
non-neutral derivation

.290

.016

.460*

.148**

.453*

.143*

.030

.000

.028

.000

2. Stress production
non-neutral derivation

.030

.031

.028

.029

3. Stress production
neutral derivation

.460*

.118*

.453*

.114*

Total R2

.502***

.373**

*p ≤ .05. **p ≤ .01. ***p ≤ .001.

Stress Production and Reading
In Table 4, hierarchical regression analyses were also used to examine the
variance in word identification and pseudoword decoding explained by stress production
in derived words with neutral and non-neutral suffixes. Stress production in neutral
derivation predicted significant additional variance in word identification and
pseudoword decoding after controlling for working memory and English vocabulary.
This was not the case for stress production with the stress-changing suffixes. In this
model, the four independent variables accounted for 50.2% of the unique variance in
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word identification (F(4, 28) = 7.048, p < .001) and for 37.3% of the unique variance in
pseudoword decoding (F(4, 28) = 4.165, p < .01).

Table 5
Hierarchical Regressions of Working Memory, English Vocabulary, Stress Perception in
Non-neutral Derivation, and Stress Production in Neutral Derivation on English Word
Identification and Pseudoword Decoding
Word identification

Pseudoword decoding

Model

Step

Final β

R2 change

Final β

R2 change

1&2

1. Working memory

.040

.353***

.238

.229*

English vocabulary
1

2

2. Stress perception
non-neutral derivation
3. Stress production
neutral derivation
2. Stress production
neutral derivation
3. Stress perception
non-neutral derivation
Total R2

.373*

-.031

.306*

.177**

-.221

.001

.283

.040

.601**

.178**

.283

.148**

.601**

.143*

.306*

.069*

-.221

.036

.570***

.408**

*p ≤ .05. **p ≤ .01. ***p ≤ .001.

Stress Perception and Production
In Table 5, the hierarchical regression analyses indicated that both stress
perception in non-neutral derivation and stress production in neutral derivation explained
significant additional variance in word identification after controlling for working
memory and English vocabulary. The amount of the unique variance in word
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identification explained by stress perception in non-neutral derivation decreased from
17.7% to 6.9% when stress perception in non-neutral derivation was entered after stress
production in neutral derivation. These four independent variables together predicted
57% of the variance in word identification (F(4, 28) = 9.271, p < .001). Turning to
pseudoword decoding, only stress production in neutral derivation predicted significant
additional variance after controlling for working memory and English vocabulary. The
four independent variables together explained 40.8% of the variance in pseudoword
decoding (F(4, 28) = 4.832, p < .01).
Discussion
This is the first study, to our knowledge, investigating stress perception in
derivation, stress production in derivation, and their relationship with word reading in
Mandarin-speaking AELs. English stress is a perceptually salient feature. Monolingual
English-speaking children are sensitive to stress and rhythm, which they may use as
perceptual anchors for word boundaries and which may further be used in lexical
organization. Several empirical studies have revealed that English stress perception and
production are important predictors of word reading in English monolingual children.
However, few empirical studies have been conducted to examine English learners’
abilities to perceive and produce stress in derived words and their relationship with word
reading.
Stress Task Performance
The first question of the study asked whether Mandarin-speaking AELs could
reliably (better than 50% accuracy) perceive and produce primary stress in English
derived words. One empirical study revealed that English-speaking adults could reliably
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perceive stress in derived pseudowords (Wade-Woolley & Heggie, 2015), though, to date,
not much is known about English learners’ stress perception and production in derived
words. The ability to perceive and produce stress in English derivation may be important
to word reading, especially sounding out multisyllabic, polymorphemic words, often
found in academic papers or textbooks.
Results revealed that adult Mandarin-speakers performed better than chance
levels for both stress production and stress perception in derived English words. In
accord with Wade-Woolley and Heggie’s (2015) study with English-speaking
monolinguals, participants were equally good at deciding where primary stress should be
placed in both pseudowords with neutral suffixes (e.g., FROsureful) and pseudowords
with non-neutral suffixes (e.g., bisTINity). Stress perception in derivation was not
influenced by suffix types in Mandarin-speaking AELs.
Like perception, performance on stress production in derivation was also better
than chance for the derived words with both neutral and non-neutral suffixes. In contrast
with perception there were differences in the suffix types. In line with previous studies
that included only English monolingual children (Clin et al. 2009; Jarmulowicz, 2006),
and as predicted in the current study, Mandarin-speaking AELs had more difficulty
producing stress in derived words with non-neutral suffixes (i.e., suffixes that result in a
stress shift) than in those with neutral suffixes. Thus, Mandarin-speaking AELs could
produce stress in derived words with neutral and non-neutral suffixes better than chance
performance; however, the AELs have not mastered stress shift in derived words with
non-neutral suffixes.
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Although Mandarin-speaking AELs could reliably perceive and produce stress in
derived words with neutral and non-neutral suffixes, the ability to use suffix cues might
only be measurable in the production task with the non-neutral suffixes. Indeed, the
neutral affixes in both the perception and production tasks might not have required
knowledge of stress cues. As a default strategy, one might assume that the easiest
strategy would be to make no rhythmic changes at all. If this were the case, the AELs
need only repeat the stress pattern they heard in the stem. Stress production of derived
words with neutral suffixes was the most accurate of all the stress tasks, as would be
predicted if participants used a repeat-the-stem strategy. In contrast, the ability to use
suffix cues to produce accurate stress may be measurable only when AELs use nonneutral suffix cues (-ic), in which stress shifts rightward (ARtist versus arTIStic).
Additionally, stress perception and production in derivation differed in two key
areas: memory load and re-syllabification. The task used to measure production of
accurate stress in derived words with non-neutral suffixes required AELs to (1) keep the
suffix and stem in memory and then switch them to make a derived word (2) know, at
least implicitly, that a non-neutral suffix (-ic) results in stress shift (ARtist versus
arTIStic), (3) re-syllabify the derived word, such that phonological juncture adjustments
are made (ar-tis-tic versus ar-tist in which final consonant of the stem’s last syllable
becomes onset of suffix syllable),and then (4) produce new primary stress that is put on
the syllable preceding the suffix (arTIStic).
In contrast, the task used to measure stress perception in non-neutral derivation
asked AELs to be globally aware of different rhythmic patterns between a stem
pseudoword (BIstin) and its derived pseudoword (biSTINity) resulting from a non-neutral
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suffix (-ity). Compared with stress production in non-neutral derivation, stress perception
in non-neutral derivation was more passive, did not rely on working memory as much as
the production task, and did not necessarily require AELs to re-syllabify a derived word
for lexical stress production.
Taken together, the Mandarin-speaking AELs were implicitly and explicitly
aware of suffixes conditioning lexical stress placement as evidenced by their better than
chance performance on stress perception and production tasks. This suggests that AELs
who might be equal to independent users with B1-intermediate-level English ability
could use suffix cues to perceive and produce stress in derivation. However, AELs have
more difficulties in the task used to measure stress production in non-neutral derivation
than the other stress tasks.
English Stress and Reading
The second question in this study was whether English stress in neutral derivation
and stress in non-neutral derivation made significant contributions to word identification
and pseudoword decoding after controlling for working memory and English vocabulary.
There was a curious dissociation between reading real words, reading nonwords, the
stress tasks, and suffix types. Stress perception in non-neutral derivation was important
only to word identification, whereas stress production in neutral derivation was important
to word identification and pseudoword decoding.
Word Identification
Stress perception in non-neutral derivation was the most important predictor of
word identification (i.e., real word reading)—more than stress perception in neutral
derivation and stress production in either neutral or non-neutral derivation. AELs’
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abilities to sound out real words might be dependent on individual differences in implicit
awareness of English speech rhythms, including derived words with non-neutral suffixes.
There may be a relationship in which the ability to hear stress in English words,
particularly implicit understanding of the stress patterns in derived words with nonneutral suffixes, helps with reading and acquiring new words. Additionally, good readers,
who have a significant number of sight words or derived words, may have more
vocabulary with which to deduce the implicit rule associated with non-neutral suffixes.
Finally, familiarity with derived words and the ability to hear lexical stress may help
AELs to sound out multisyllabic or polymorphemic words.
In contrast to perception and despite being significantly correlated with word
identification, stress production in non-neutral derivation did not account for significant
additional variance. The results contradict the findings in Clin et al.’s (2009) study with
English-speaking children at eight years of age, in which stress production in non-neutral
derivation was a significant predictor of reading composite scores. One possible
explanation for the results is that English vocabulary plays a more important role in stress
production task than in stress perception task. Production requires more active
knowledge of the English stress system than does perception, which may be influence by
the acquisition of numerous exemplars of derived words. Indeed, the production task
itself was significantly correlated with English vocabulary, but the perception task was
not. AELs with larger vocabularies may have better representations of English derived
words and may also have some implicit understanding of stress behavior in derived
words with non-neutral suffixes. Additionally, the AELs’ ability to use non-neutral
suffix cues to produce stress might be dependent on their lexicon or lexical memory
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system instead of computational mechanisms (Archibald, 1997; Ullman, 2005); whereas
the AELs might repeat the stress patterns they heard in stems for derived words with
neutral suffixes. Such an explanation may account for why stress production in nonneutral derivation did not make an independent contribution to word identification.
Interestingly, stress perception in non-neutral derivation (e.g., -ity type) made
more independent contributions to word identification than did stress production in
neutral derivation (e.g., -ment type) even though the stress tasks overlapped in the
amount of variance explained in word identification (about 14.8%). One possible
explanation for the results is that individual differences were greater in stress perception
in non-neutral derivation than in stress production in neutral derivation. AELs were
consistently good at production of derived words with neutral suffixes. It may be that
those with better word recognition skills were more awareness of non-neutral suffix cues
conditioning lexical stress placement, which played a role in stress perception in nonneutral derivation, but not in stress production in neutral derivation.
Pseudoword Decoding
Pseudoword decoding requires more active knowledge and application of the
grapheme-phoneme relationships than real word identification, which relies more on
stored representations. For pseudoword decoding, stress production in neutral derivation
was the only important predictor after controlling for working memory and English
vocabulary. The task used to measure stress production in neutral derivation required the
AELs to remember and reorder the stem and suffix (EAger and –ness), and reassemble
the resulting derived word (ea-ger-ness), and then reproduce stress on the syllable where
the primary stress was in the stem word. The pseudoword decoding task required
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participants to sound out the pseudowords; therefore, the pseudowords may have been
segmented into syllables in which phonemes were then produced. The syllable assembly
process may underlie the relationship between stress production in neutral derivation and
pseudoword decoding. AELs who were good at pseudoword decoding may also have
been good at syllabifying derived words and reassembling syllables.
Additionally, neither of the two perception tasks were independent predictors of
pseudoword reading, which is similar to the finding in Whalley and Hansen’s (2006)
study with English-speaking children. This further supports the idea that syllable
assembly might be important. The stress perception tasks only tapped global awareness
of rhythmic patterns between stems and derived words resulting from neutral and nonneutral suffixes. Neither stress perception task measured the ability to re-syllabify
derived words, which may help individuals sound out words. The ability to perceive
primary stress in derived words with neutral and non-neutral suffixes was not important
to pseudoword decoding
Syllable assembly cannot be the whole answer, because production of words with
non-neutral suffixes also required syllable assembly, and some additional syllable
juncture modifications. Somewhat surprisingly, stress production in non-neutral
derivation did not predict variance in pseudoword decoding. The findings contradicted
previous studies with English-speaking children (Clin et al., 2009; Jarmulowicz et al.,
2007), which showed production of accurate stress in words with non-neutral suffixes to
be most predictive of nonword decoding.
There are a number of possible explanations for the results. The AELs in this
study may not have had enough exposure to derived words with stress changing suffixes
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to have extrapolated a pattern. Thus, the AELs’ ability to use non-neutral suffix cues to
produce stress may be dependent on the whole derived forms stored in their lexical
memory system. AELs may need to store in their lexicon which syllables are stressed in
derived words with non-neutral suffixes, and then produce stress in accurate syllable
positions. Lack of access to the pattern, or difficulty with producing a stress shift, added
to the working memory load, may not only have reduced the accuracy on the non-neutral
derivations but may also have resulted in a lack of relationship with decoding.
Adult English Learners Versus Native English Speakers
The ability to use English stress and suffix cues, and its relationship with reading
differed across AELs and native English speakers in three ways. First, Mandarinspeaking AELs in the current study did not use non-neutral suffix cues to produce stress
in an automatic way as native English speakers did. This may be because AELs were
less familiar with the derived words and consequently less familiar with where the stress
should go. It may also mean that the AELs in this study had not had enough exposure to
English to have fully extracted the stress patterns associated with the non-neutral suffixes.
Or, alternatively, it could be that English stress is not as salient to the AELs as it is to
monolingual English speakers. Possibly, some of the prosodic features characteristic of
stress (e.g., intensity and duration) are not as salient to Mandarin speakers, or they are
more difficult to master in production of English.
Second, the current study revealed that stress production in neutral derivation, but
not stress production in non-neutral derivation, was an important predictor of word
identification and pseudoword decoding in Mandarin-speaking AELs. However,
previous studies reported that stress production in non-neutral derivation was an
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important predictor of reading composite scores (Clin et al., 2009) and pseudoword
decoding (Jarmulowicz et al., 2007) in English-speaking children at eight years of age.
The inconsistency between the current study and previous studies may be because the
AELs in the current study did not use non-neutral suffix cues as native English speakers
did in an automatic way. AELs may need to memorize or store in their lexicon where
stressed syllables should be put in derived words before they can produce stress in
accurate syllable positions using re-syllabification, which in turn may help them sound
out real words and pseudowords.
Third, the current study indicated that stress perception in non-neutral derivation
was significantly associated with word identification in Mandarin-speaking AELs. In
Wade-Woolley and Heggie’s (2015) study, however, stress perception in non-neutral
derivation was not significantly associated with word identification in adult Englishspeaking readers. There was little variation across participants’ performance in stress
perception in non-neutral derivation in their study; thus, the adult English-speaking
readers were proficient in using non-neutral suffix cues to perceive stressed syllables in
derived words. The inconsistency between the two studies suggests that the Mandarinspeaking AELs in the current study were less proficient in using non-neutral suffixes as a
cue to perceive primary stress relative to adult English-speaking readers. Collectively,
the Mandarin-speaking AELs in the current study still need to master non-neutral suffix
cues to perceive and produce stress in derived words.
Future Directions and Summary
Future studies might expand the work on English stress perception/production in
English learners from a number of perspectives. First, the findings of the study highlight
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the importance of derivational suffixes conditioning lexical stress placement to word
reading in English learners. Recently, orthographic cues were found to contribute to
lexical stress assignment in native English speakers (Arciuli & Cupples, 2006; Arciuli,
Monaghan, & Seva, 2010; Kelly, 2004). An additional avenue of investigation might be
to examine adult English learners’ ability to use orthographic cues to produce stress and
its relationship with word reading. Second, the current study revealed that the ability to
use suffix cues to perceive and produce stress is important to word reading in English
learners. Future studies might consider how to design English stress training activities
for English learners and then examine the effect of English stress training on sounding
out multisyllabic words. Third, the current study hypothesized that re-syllabification is
implicated in word reading and English stress tasks. An area of future research that
should be considered is the role of re-syllabification in sounding out multisyllabic or
polymorphemic words. This might also have application to pedagogy. Finally, we only
focused on English stress perception/production in derivation and word reading in adult
Mandarin-speakers. By expanding to young Mandarin-speaking English learners
acquiring English at an earlier point in literacy acquisition, future studies may shed light
on how young English learners perceive the patterns of stressed and unstressed syllables
in the absence of morphology and its relationship with sounding out most words with
fewer than three syllables.
In summary, the results of the current study indicate that Mandarin-speaking
AELs did have better than chance levels of awareness of English stress, as measured by
stress perception in derivation and stress production in derivation; although it was far
from perfect and in some ways different from monolingual English speakers. It is the
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first evidence that English stress perception and production are important to reading in
English learners, though the findings do not agree with previous studies with native
English speakers. A possible explanation may be that Mandarin-speaking AELs do not
segment words into syllables and then sound out words using English stress and suffix
cues in an automatic way as native English speakers do, because Mandarin uses lexical
tones to signal syllable boundaries. The current study examining contributions of English
stress perception and production in neutral and non-neutral derivation to real word
reading and nonword reading is new to the literature, which in turn might have
andragogical implications for English learners.
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Chapter 3
Auditory Processing, Linguistic Prosody Awareness, and Word Reading
in Mandarin-English Bilingual Children
The last two decades have seen growing importance placed on research isolating
the precursors to reading development. Understanding what factors are involved in early
reading is important to brain-based models of perception and reading, and to our ability
to identify potential reading problems early. In English, word reading relies on the ability
to analyze the sounds of language (i.e., phonological awareness) which facilitates the link
between sounds and printed words. Children learn sound-letter mapping, which in turn
fosters their ability in decoding letters into sounds and then sounding out words.
Phonological awareness (PA) is a predictor of early reading ability in English (Muter et
al., 1998) and has become a benchmark in educational curricula in the United States
(Common Core State Standard Initiative, 2015). Additionally, PA is also a predictor of
learning to read in many languages, including Chinese, which has an orthographic system
in which printed words cannot be decoded into sounds directly (Hu & Catts, 1998; Siok
& Fletcher, 2001). Although PA is well established as a precursor to reading, recent
research has begun to expand our understanding of early reading development by
examining new directions, such as auditory processing of basic acoustic features, the
importance of linguistic prosody awareness (i.e., identifying sound patterns rather than
individual sounds), and contributions of bilingual education (e.g., Mandarin-English
bilingual children).
Zhang and McBride-Chang (2010) proposed a four-stage reading model in which
auditory processing is the foundation for linguistic prosody awareness, which in turn
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facilitates reading ability through PA. Hence, auditory processing and linguistic prosody
awareness may be two important predictors of reading in Mandarin as a first language
(L1) and English as a second language (L2). In the sections that follow, the relevant
literature on the two theoretically motivated predictors of reading, linguistic prosody
awareness and auditory processing, will be briefly discussed.
Linguistic Prosody and Reading Ability
Some developmental phonology theories suggest that children’s phonological
representation includes both individual sounds and prosodic patterns (Pierrehumbert,
2003; Vihman & Croft, 2007). According to Cutler's (1996) rhythmic segmentation
hypothesis, listeners use the rhythmic structure specific to their native phonological
system to segment the speech stream. Developmentally, stressed syllables are
perceptually salient cues for English speech segmentation (Echols, 1996). In English,
individual sounds are more easily detected in stressed syllables than in unstressed
syllables (Mehta & Cutler, 1988; Wood & Terrell, 1998), supporting the hypothesis that
linguistic prosody might trigger or at least enhance the perception of individual sounds
(Chiat, 1983; Pierrehumbert, 2003). Taken together, awareness of prosodic patterns (e.g.,
English stress and Mandarin tone) may be important to reading acquisition because
individuals might use such patterns as a segmentation cue to sound out words.
In studies with children, English stress perception explained unique variance in
word reading independent of phonological awareness (Goswami et al., 2010; Whalley &
Hansen, 2006). English stress production also predicted significant and unique variance
in word reading (Holliman, Wood, & Sheehy, 2008; Jarmulowicz et al., 2007) after
controlling for phonological awareness. Additionally, native and nonnative English
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speakers are expected to share the same learning mechanism(s) for English reading
ability. Chung and Jarmulowicz (under review) reported that in adult Mandarin speakers
could use English stress and suffixes as cues to sound out words. However, it is still
unclear whether Mandarin-speaking children in non-English-dominant contexts are
sensitive to acoustic cues associated with lexical stress and are using it to gain access to
words.
Mandarin!speakers tend to use fundamental frequency, a perceptually salient
feature in their native tone language, as a cue for English stress production (Zhang et al.,
2008) and perception (Ou, 2010; Yu & Andruski, 2010). Furthermore, Chung and
Bidelman (under review) provided neurological evidence that adult Mandarin speakers’
auditory brain activity is poorer at tracking intensity variations in English stress patterns
relative to native English speakers. Mandarin speakers appear not to use intensity as a
cue to perceive English stress efficiently as do native English speakers. Little is known
about the relative importance of different acoustic cues to the processing strategies of
English learning children. It is possible that Mandarin-speaking children also use
frequency to process English stress more so than their English-speaking peers.
While considerable attention has been paid to potential links between linguistic
prosody awareness and reading in English, similar empirical evidence in tone languages
is scarce. Cantonese tone perception was found to be associated with phonological
awareness and Cantonese L1 word reading in Cantonese-speaking children at
kindergarten (McBride-Chang et al., 2008;) and elementary school (So & Siegel, 1997).
However, in Mandarin, tone perception had only significant association with Mandarin
L1 word reading in fifth-grade children but not first-, second-, and third-grade children
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(Siok & Fletcher, 2001), and fourth-grade children with and with dyslexia (Wang, Huss,
Hämäläinen, & Goswami, 2012). Zhang and McBride-Chang (2014) also revealed that
Cantonese tone perception had an indirect effect on Chinese two-character word reading
through phonological awareness. It appears that tone language speakers map individual
phonemes and phonemic tones to characters and then sound out Chinese characters in
Mandarin and Cantonese. Given the differences between research findings in Mandarin,
it remains unclear whether Mandarin tone perception independent of phonological
awareness could predict Mandarin L1 word reading.
Auditory Processing and Reading Ability
Auditory processing is the cognitive ability to process general acoustic features
(e.g., intensity, frequency, duration). Those acoustic features are the limited set with
which linguistic prosody (sound patterns beyond individual sounds) is realized. For
example, English stress is a relative phenomenon in which a minimum of two syllables is
required to determine which one is stressed. A stressed syllable may have higher
frequency, higher intensity, and longer duration relative to an unstressed syllable (Fry,
1958; Kehoe et al., 1995; Morton & Jassem, 1965). In the case of Mandarin, lexical tone
is physically represented by frequency height and frequency contour (Howie, 1976).
Thus, regardless of language, acoustic features must be processed as linguistically
meaningful in order to acquire language normally. Thus, auditory processing is the
cornerstone of linguistic prosody.
Rise time is the rate of intensity (i.e., loudness) change at sound onset. For
example, a syllable that begins with a consonant /t/ will have sharper (i.e., faster) rise
time than one that begins with a glide /j/ (pronounced like the ‘y’ in yes). The
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modulation of rise time signals speech rhythm or syllable stress—sharper or steeper rise
time signals stressed syllables and slower rise time signals unstressed syllables. For
example, the spoken word seven has sharper rise time for the stressed first vowel and
slower rise time for the unstressed second vowel. Rise time discrimination is a
significant predictor of L1 word reading in English (Corriveau, Pasquini, & Goswami,
2007; Goswami et al., 2010, 2011, 2013) and in Mandarin (Wang et al., 2012). These
findings suggest that rise time discrimination (i.e., detecting changes in the ‘beat’ of
speech), might trigger or underlie awareness of linguistic prosody and phonemes, which
might further facilitate reading acquisition.
Additionally, pitch (the perceptual correlate of frequency) also plays a role in
linguistic prosody, which in turn may foster reading acquisition. Melodies represented by
tone sequences are often said to have two types of pitch structure: contour and interval.
Pitch contour reflects directional changes in the rises and falls of a sequence whereas
pitch interval signals the distance between two adjacent tones (Dowling, 1982). Pitch
contour is important to music and prosody (Patel, Peretz, Tramo, & Labreque, 1998),
whereas pitch interval is specific to music. Foxton et al. (2003) found that pitch contour
discrimination but not pitch interval discrimination was associated with English L1 word
reading in adult monolingual readers. Collectively, contour processing that requires
monitoring more abstract and global auditory structure might be a requisite of linguistic
prosody and reading.
Pitch contour discrimination was found to be important to English L1 word
reading although research has yet to answer the question whether pitch contour
discrimination could contribute to Mandarin L1 and English L2 word reading. Recently,
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we have shown that Mandarin-speakers showed pre-attentive detection of subtle contour
changes in pitch, suggesting that tone-language experience enhances the processing of
global auditory pitch structure (Bidelman & Chung, 2015). Other neurophysiological
studies indicate that the neural representation of pitch is tuned by one’s native prosodic
system (Bidelman, Gandour, & Krishnan, 2011; Krishnan, Gandour, & Bidelman, 2010),
suggesting that listeners are most sensitive at discriminating pitch variations specific to
their native prosodic patterns. Presumably, Mandarin speakers who are able to
discriminate pitch contour patterns at the phrase level would also be good at the
perception of language-specific pitch patterns at the syllable level (i.e., lexical tone),
which in turn would help segment multisyllabic words into syllables or distinguish
homophones differing in tone (e.g., tang1 ‘soup’, tang2 ‘sugar’, tang3 ‘lie down’, tang4
‘hot’).!!Once the linguistic connection between lexical tone and permissible phoneme
combinations is formed, then it may become easier to sound out Chinese characters in
Mandarin (each Chinese character corresponds to one syllable). Hence, we hypothesized
that pitch contour discrimination is important to Mandarin L1 word reading but not
English L2 word reading.
Although the English and Mandarin prosodic systems share the acoustic feature of
frequency, it may be less important for English stress perception relative to intensity and
duration cues (Choi, Hasegawa-Johnson, & Cole, 2005; Greenberg, 1999; Kochanski,
Grabe, Coleman, & Rosner, 2005). Hence, it remains unclear whether rise time (i.e., rate
of intensity change at tone onset), pitch contour, and pitch interval discrimination play
different roles in Mandarin L1 and English L2 word reading. According to Antoniou, To,
and Wong's (2014) language-specific auditory cue hypothesis, only auditory cues specific
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to a language are important to learning that language. For Mandarin-speaking children,
we hypothesized that pitch contour is more important to Mandarin L1 word reading than
is rise time, whereas the reverse is true for English L2 word reading. This is because
Mandarin uses pitch variations to signal different tonal patterns and syllable boundaries,
and English uses rise time to signal boundaries of stressed and unstressed syllables.
Specific Aims of the Present Study
Auditory processing and linguistic prosody awareness have been found to be
important predictors of English L1 word reading in English monolingual children. The
current study examined the relations between auditory processing, linguistic prosody
awareness, phonological awareness, and Mandarin L1 and English L2 word reading in
Taiwanese children. The specific aims were as follows:
(1)

We aimed to determine the relative contributions of auditory processing

abilities (pitch and amplitude rise time) to Mandarin L1 and English L2 word reading.
We hypothesized that pitch contour discrimination would contribute to Mandarin L1
word reading (Foxton et al., 2003); whereas rise time discrimination would contribute to
Mandarin L1 (Wang et al., 2012) and English L2 word reading (Goswami et al., 2010).
(2)

Our next purpose was to compare the relative contributions of linguistic

prosody awareness and phonological awareness to Mandarin L1 and English L2 word
reading after controlling for age, nonverbal IQ, and auditory processing. It is expected
that linguistic prosody awareness would contribute to more variance in Mandarin L1 and
English L2 word reading in comparison with phonological awareness (Goswami et al.,
2010).
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(3)

Our third goal was to compare the total contributions of auditory

processing, linguistic prosody awareness, and phonological awareness to Mandarin L1
and English L2 word reading with age and nonverbal IQ taken into account. Given
Chinese is a logographic language and English is an alphabetic language, it is expected
that auditory processing, linguistic prosody awareness, and phonological awareness
predict more variance in English L2 word reading than in Mandarin L1 word reading.
Methods
Participants
Sixty-three fourth graders in Taipei, Taiwan participated in this study. Normal
hearing (< 25 dB HL) was confirmed in both ears for all children via an audiometric
hearing screening conducted at octave frequencies between 1 and 4 kHz. Two of the
children failed to pass the hearing screening and were excluded from the study. Sixtyone children remained in the current study (29 boys, 32 girls; age: M = 9.82 years, SD =
0.25). The children had no speech, language, emotional, or physical problems reported
by classroom teachers.
The children were native Mandarin speakers and seldom had any opportunity to
speak English in daily conversation except the classroom setting. In Taipei, the
compulsory education begins formal literacy instruction in Mandarin (L1) and English
(L2) from first grade, at the age of six. The instruction medium is Mandarin. However,
the children’s mean onset age of English learning was around four (M = 4.87 years, SD =
1.13) because some children began learning English through tutoring programs.
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Materials
Nonverbal intelligence. Raven’s Standard Progressive Matrices (RSPM; Chen
& Chen, 2006) were used to assess children’s nonverbal intelligence. The RSPM consists
of 60 black-and-white test items. In each test item, children were required to select from
six to eight choices the missing element that completed a pattern. The RSPM scores were
obtained from the schools, as all children were given the RSPM test and the subsequent
testing materials in the same semester.
Auditory processing. The auditory processing tasks were presented using
custom routines coded in MATLAB via a graphical user interface (GUI). The testing
Mac laptop and the headphones (Sennheiser HD 280) were calibrated such that the
psychoacoustic stimuli were presented binaurally through the headphones at 70 dB SPL.
Each auditory processing task included five practice trials and 40 experimental trials.
During practice and experimental trials, visual feedback was presented by the MATLAB
GUI signaling the correctness of each trial. Each child received extra verbal explanation
and reinforcement in the five practice trials.
One rise time task and two pitch tasks were used to tap children’s auditory
processing abilities along multiple perceptual dimensions. In the rise time task, each trial
had three tones varying in rise time (rate of intensity change at tone onset) presented in a
three interval forced choice task (3IFC). The parameters of rise time stimuli were based
on those of Goswami et al. (2013). Two of the intervals contained standard tones with a
300 ms rise time; the third contained a comparison which had a shorter rise time (e.g.,
150 ms). The duration of rise time was adaptively varied according the child’s response
in a 2-down and 1-up procedure, tracking 71% correct performance (Levitt, 1971). That
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is, the duration of rise time decreased (i.e., made more difficult) following two
consecutive correct responses and increased (made easier) following each incorrect
response. The children’s task was to decide which one of three rise time stimuli sounded
different (i.e., “odd-one-out”). Using this procedure, differential thresholds were
measured as the smallest difference in rise time that children could reliably detect.
Smaller discrimination thresholds represent a higher sensitivity to intensity changes of
tone onset.
Pitch contour and interval discrimination were measured using tasks initially
developed by Foxton et al. (2003). Both pitch tasks consisted of 40 pairs of six-tone
sequences. Half of the pairs contained identical tone sequences; the other half contained
standard tone sequences and deviations in which a random tone mid-sequence was altered
(see asterisks, Figure 3). Pitch interval discrimination required children to discriminate
the standard tone sequence from one that maintained the contour structure of melody but
changed the precise pitch distance between adjacent tones. In contrast, pitch contour
discrimination asked children to discriminate the standard tone sequence from a deviant
which violated the contour pattern of pitch rises and falls (e.g., the random tone went
down instead of up). The pitch contour and pitch interval tasks were presented in a samedifferent (2IFC) paradigm. The children’s task was to decide whether the pairs of sixtone sequences were the same or different. Responses were quantified via d’ [i.e., d’ =
z(H)-z(FA), where H and FA are the hit and false alarm rates, respectively]. A higher d’
signals better discrimination of interval/contour information.
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Figure'3.!!Schematic spectrogram of pitch interval and contour stimuli.
Stimuli are shown for a standard six-tone sequence and deviant conditions,
which altered the interval and contour structure of the repeating pitch pattern
by altering one random tone in the mid-sequence marked by an asterisk.!

Linguistic prosody awareness measures. Four linguistic prosody awareness
tasks were used to measure how children process English stress and Mandarin tone across
two modalities (perception, production) and three types (monosyllable, disyllable, phrase).
The stimuli in English and Mandarin linguistic prosody tasks were produced by English
and Mandarin native speakers, respectively.
Three “DEEdee” tasks were used to assess children’s English stress perception
and production, and Mandarin disyllabic tone perception. In the DEEdee task, the
phonemic information of each syllable was eliminated and replaced by the syllable ‘dee’,
but the stress or tone patterns were retained in each word. The DEEdee task has been
used to measure English stress perception in English monolingual children (Goswami et
al., 2010; Whalley & Hansen, 2006). In the current study, the DEEdee task was adapted
to tap English stress production and Mandarin tone perception. The receptive English
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DEEdee task included four practice trials and 15 experimental trials. Each child heard a
digitally recorded target English phrase (e.g., Humpty Dumpty) and then chose from two
choices the DEEdee phrase that matched in stress (e.g., DEEdee DEEdee corresponds
with HUMPty DUMPty).
An expressive English DEEdee task measured Mandarin6speaking!children’s
English stress production in disyllabic words. In this task, there were four practice trials
and 12 experimental trials for disyllabic words. These disyllabic targets were lowfrequency words selected from Arciuli and Cupples' (2006) study so that children could
not use their lexical knowledge as a cue to determine which syllable in a disyllabic word
was stressed. Children were auditorily presented a word and then asked to produce its
stress pattern with each syllable replaced by the syllable ‘dee’ (DEEdee for PENcil and
deeDEE for diVIDE). This task was intended to isolate Mandarin6speaking!children’s
stress production ability from phonemic awareness.
A receptive Mandarin DEEDEE task was created for this study and consisted of
four practice trials and 15 experimental trials. Just as in English, each child heard prerecorded DEEDEE sequences, however for Mandarin the tone remained (e.g.,
DEE4DEE1—the superscript numbers indicate tone patterns). The child heard a target
Mandarin word (e.g., qi4che1 “car”) and then selected from two choices the DEEDEE
phrase with the same tone pattern as the target Mandarin word (e.g.,DEE4DEE1 for
qi4che1 “car”). The two choice DEEDEE phrases consisted of tone patterns that matched
the target word and a distractor tone sequence (e.g., DEE4DEE1 for a target word qi4che1
“car” and DEE3DEE1 for a distractor word lao3shi1 “teacher”). The targets and
distractors were both high frequency disyllabic words commonly used by elementary
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school children (Ministry of Education, 2002). The target words (M = 0.045, SD = 0.012)
and the distractor words (M = 0.045, SD = 0.016) were not significantly different from
each other in word frequency (t(38) = 0.95, p > 0.05).
Several constraints were also imposed on the composition of the stimuli. First, in
this disyllabic tone perception task, it was never the case that the first syllable contained a
third tone, because the third tone preceding other tones results in tone sandhi or tone
change (Li & Thompson, 1981). Additionally, for the target and distractor words, the
first and second syllables of the disyllabic words did not share the same tone. This was to
control for the possibility that it might be easier to identify words with two same tones
than those with different tones in each syllable (e.g., lao3shi1 “teacher” vs. dong1xi1
“thing”).
As a second tone perception task, Liu and Hu's (2010) tone matching task was
used to assess monosyllabic tone perception. In this task, there were two practice trials
and 20 experimental trials. Children were auditorily presented three monosyllables and
then required to select from the second (e.g., gao4) or the third syllable (e.g., gan3) the
one that has the same tone as the first syllable (e.g., gei4). The monosyllables were
permissible sound combinations in Mandarin, and included both low-frequency words
and nonwords. Compared with the Mandarin DEEDEE perception task, the
monosyllabic tone perception task retained phonetic information in each syllable.
Phonological awareness (PA). Sound oddity tests for rhyme and final phoneme
contrasts were used to assess children’s PA in Mandarin (Chan, Hu, & Wan, 2005; Hu &
Catts, 1998) and in English (Bowey, Cain, & Ryan, 1992). The stimuli in the Mandarin
and English PA tasks were produced by Mandarin and English native speakers,
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respectively. Each of the Mandarin PA tests consisted of two practice trials and 10
experimental trials and each of English PA tests consisted of three practice trials and 12
experimental trials. In each trial, three pre-recorded words were presented twice through
speakers to children in a class group. The presentation of Mandarin and English PA
stimuli followed Hu and Schuele's (2005) procedure. The experimenter pointed to the
numbers 1, 2, and 3 on the black board which corresponded with the three words they
would hear. The child’s job was to choose the relative order of the spoken word that
sounded different from the others (e.g., for onsets, which word has a different first sound
sing, bus, or sun) by circling the number on an answer sheet that represented the odd
spoken word.
Reading measures. The Graded Chinese Character Recognition Test (Huang,
2004) was used to assess Chinese character recognition ability. Children sounded out
each Chinese character in Mandarin until they made 20 consecutive errors. The task is a
standardized test, which has been adopted in some published studies (Chung & Hu, 2007;
Goswami et al., 2011). It has an internal consistency of 0.99 and test-retest reliabilities
ranged from 0.81 to 0.95.
For English, the sight word efficiency and the phonemic decoding efficiency
subtests of the Test of Word Reading Efficiency-II (TOWRE-II; Torgesen, Wagner, &
Rashotte, 2012) were used to assess real word reading and nonword decoding skills.
Each child read aloud a list of English real words within 45 seconds and decoded a list of
English nonwords within 45 seconds.
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Procedures
The study was approved by the Institutional Review Board at the University of
Memphis. After obtaining informed consent forms and questionnaires from children’s
parents, the first author met each child individually and in a class group setting through
four sessions, lasting 40 to 50 minutes. All measures were given to children after assent
had been obtained from children. Each child was randomly assigned a number when he
or she agreed to participate in the study. Children with odd numbers and those with even
numbers were given tasks in two different sequences in order to diminish the effect of
inattention on the performance of tasks given at the end of each session. Children’s oral
responses were recorded with a SONY ICD-UX543F digital voice recorder and on the
answer sheets scored by the first author.
Reliability
Inter-rater scoring reliability was examined using a two-way mixed, absolute
agreement, single-measures intra-class correlation (ICC) (Hallgren, 2012). The degree
that two coders provided absolute values in their ratings of English stress production was
assessed in about 25% of participants (15 children). The resulting ICC was 0.968 and
appeared in the excellent range between 0.75 and 1.0 (Cicchetti, 1994), indicating that
English stress production was rated similarly across coders.!
Results
Raw scores are reported for children’s performance on all tasks except the auditory
processing measures. Performance on the two pitch tasks is shown as d’. The d’ scores
were calculated by taking into consideration children’s correct and incorrect responses.
Performance on the rise time task is shown as the smallest difference in milliseconds
!
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between two rise time stimuli. The maximum scores, means, and standard deviations for
all of the measures are shown in Table 6.

Table 6
Descriptive Statistics for all Measures (N = 61)
Measures
Age (in years)
Nonverbal IQ
Auditory processing
Pitch contour discrimination (d’)
Pitch interval discrimination (d’)
Rise time discrimination (ms)
Mandarin measures
Disyllabic tone perception
Monosyllabic tone perception
Rhyme awareness
Final phoneme awareness
Chinese character recognition
English measures
Stress perception
Stress production
Rhyme awareness
Final phoneme awareness
English real word reading
English nonword decoding

Maximum
60

Mean
9.82
43.57

SD
.25
6.26

-

1.92
1.11
122.29

1.06
.78
56.56

15
20
10
10
200

13.49
15.39
8.76
5.80
98.49

1.64
3.00
1.90
2.20
21.33

15
12
12
12
108
66

9.95
8.34
9.80
8.66
32.87
13.02

2.50
2.77
2.32
2.63
17.25
8.73

Pearson’s correlations among age, nonverbal IQ, auditory processing, Mandarin
measures, and English measures are shown in Table 7. In Mandarin measures, rise time
discrimination and Mandarin final phoneme awareness were significantly related, while
pitch contour discrimination and rise time discrimination were significantly associated
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with Chinese character recognition. Mandarin disyllabic tone perception and
monosyllabic tone perception were significantly related. Mandarin monosyllabic tone
perception had a significant association with final phoneme awareness. Mandarin
disyllabic tone perception and Chinese character recognition were also significantly
correlated.
In English measures, rise time discrimination was significantly correlated with
English rhyme awareness, final phoneme awareness, real word reading, and nonword
decoding. English stress perception and production were significantly correlated.
English stress production had significant associations with English rhyme awareness, real
word reading, and nonword decoding.
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Table 7
Correlations Between Auditory Processing, Linguistic Prosody Awareness, Phonological Awareness, and Word Reading per
Language (N = 61)
Age, IQ, & auditory processing
1. Age
2. Nonverbal IQ
3. Pitch contour discrimination
4. Pitch interval discrimination
5. Rise time discrimination

1
.461
.027
.161
.008

2

3

4

5

.336
.237
-.335

.694
-.192

-.109

-

Mandarin measures
6. Disyllabic tone perception
7. Monosyllabic tone perception
8. Mandarin rhyme awareness
9. Mandarin final phoneme
10. Chinese character recognition

1
.212
.188
.311
-.011
-.037

2
.227
.324
.500
.172
.263

3
.131
.060
.241
.218
.376

4
.108
.138
.168
.261
.218

5
-.082
-.208
-.041
-.253
-.294

6
.350
.201
.178
.362

English measures
11. Stress perception
12. Stress production
13. English rhyme awareness
14. English final phoneme
15. English real word reading
16. English nonword decoding

1
.187
-.038
.019
-.029
.124
.110

2
.263
.125
.158
.219
.310
.273

3
-.062
.116
.046
.082
.047
.015

4
-.050
-.074
.197
.175
.155
.157

5
-.016
-.196
-.268
-.323
-.409
-.265

11
.453
.119
.033
.233
.190

7

8

9

10

.171
.369
.213

.123
.212

.266

-

12

13

14

15

.269
.176
.332
.284

.689
.535
.510

.437
.380

.839

Note. Significant values (p < .05) are marked in boldface. Rise time discrimination has negative associations with other
variables because its smaller threshold score signals higher sensitivity to rise time.
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To determine whether auditory processing, linguistic prosody awareness, and
phonological awareness predicted significant and unique variance in Mandarin L1 and
English L2 word reading when partialling out control variables, several fixed-entry
hierarchical regression models were computed with each of the three reading measures as
dependent variables: Chinese character recognition, English real word reading, and
nonword decoding. For each regression, preliminary exploratory analyses indicated that
there was no multicollinearity in the data (variance inflation factors < 2) and that the
assumptions of independence, normality, and homoscedasticity were met.

Table 8
Hierarchical Regressions Showing the Variance in Mandarin L1 and English L2 Word
Reading Accounted for by Separate Auditory Processing Abilities After Controlling for
Age and Nonverbal IQ
Chinese character
2

English real word
2

English nonword

Step

Final β

R

Final β

R

Final β

R2

1. Age

-

-

-

-

.015
change
.081*

-

2. Nonverbal IQ

.001
change
.099*

-

.012
change
.062*

3. Pitch contour

.302*

.079*

-.069

.004

-.091

.007

3. Pitch interval

.177

.029

.088

.007

.100

.009

3. Rise time

-.203

.035

-.353**

.107**

-.199

.034

Note. The final beta values of age and nonverbal IQ were different when each auditory
processing skill was entered at Step 3. Hence, their final beta values were omitted in this
Table.
** p < .01. * p ≤ .05.
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Contributions of Auditory Processing to Word Reading
First, the relations between separate auditory processing abilities and Mandarin
L1 and English L2 word reading were examined using 3-step fixed entry hierarchical
regression equations, in which age was entered at Step 1, nonverbal IQ at Step 2, and
each auditory processing ability at Step 3. As shown in Table 8, pitch contour
discrimination was a significant predictor that accounted for 7.9% of the unique variance
in Chinese character recognition after controlling for age and nonverbal IQ. Rise time
discrimination was a significant predictor that explained 10.7% of the unique variance in
English real word reading after controlling for age and nonverbal IQ. However, none of
the three auditory processing abilities predicted English nonword decoding.
Relative Contributions of Prosody and PA to Word Reading
As proposed in Zhang and McBride-Chang's (2010) four-stage reading model,
auditory processing facilitates linguistic prosody awareness, which in turn fosters reading
acquisition through phonological awareness. In several studies with English monolingual
children, linguistic prosody awareness independent of phonological awareness predicted
English L1 reading abilities (Goswami et al., 2010; Holliman et al., 2008; Whalley &
Hansen, 2006). Hence, the unique contributions of linguistic prosody awareness and
phonological awareness to Mandarin L1 and English L2 word reading were examined
using 5-step fixed-entry hierarchical regression equations, in which age was entered at
Step 1, nonverbal IQ at Step 2, language-specific auditory processing skills at Step 3,
prosodic perception or production at Step 4, and phonological awareness at Step 5
(Goswami et al., 2010).
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At Step 3, pitch contour discrimination was entered for Mandarin L1 word
reading and rise time discrimination for English L2 word reading because pitch contour
and rise time discrimination were significant predictors of Mandarin and English word
reading, respectively (see Table 8). When Mandarin L1 word reading was the dependent
variable, only disyllabic tone perception was entered at Step 4 and only Mandarin final
phoneme awareness was entered at Step 5 because both of them were significantly
associated with Chinese character recognition. To compare the relative contributions of
linguistic prosody awareness and phonological awareness to Mandarin L1 and English L2
word reading, only English final phoneme awareness was entered at Step 3 when English
L2 word reading was the dependent variable. The current study also aimed to examine
whether phonological awareness was more important to English L2 word reading than
were prosodic perception and production. The entry steps of prosodic
perception/production and phonological awareness were also reversed as reported in
previous studies (Goswami et al., 2010; Whalley & Hansen, 2006).
As shown in Table 9, Mandarin disyllabic tone perception made significant and
unique contributions to Chinese character recognition after controlling for age, nonverbal
IQ, and pitch contour discrimination. In contrast, Mandarin final phoneme awareness did
not account for unique variance in Chinese character recognition, irrespective of entry
steps.
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Table 9
Hierarchical Regressions Showing the Unique Variance in Mandarin L1 Word Reading
Accounted for by Mandarin Tone Perception Compared to Phonological Awareness After
Controlling for Age, Nonverbal IQ, and Auditory Processing
Chinese character
Model
1& 2

1
2

Step

Final β

R2 change

1. Age

-.187

.001

2. Nonverbal IQ

.172

.099*

3. Pitch contour discrimination

.256*

.079*

4. Disyllabic tone perception

.307*

.099**

5. Mandarin final phoneme awareness

.124

.014

4. Mandarin final phoneme awareness

.027

5. Disyllabic tone perception

.086*

2

Total R

.293**

*** p < .001. ** p < .01. * p ≤ .05.

In Table 10, English stress perception was not a significant predictor of English
real word reading or nonword decoding, irrespective of entry steps. However, English
final phoneme awareness was a significant predictor that accounted for about 9.4% and
8.6% of the unique variance in English real word reading and nonword decoding,
respectively, after controlling for age, nonverbal IQ, and rise time discrimination. Both
English stress production and final phoneme awareness made independent contributions
to English real word reading after controlling for the variance explained by age,
nonverbal IQ, and rise time discrimination. English final phoneme awareness accounted
for more significant additional variance in English real word reading (R2 change = 7.99.4%) than did English stress production (R2 change = 4.8-6.2%) after controlling for age,
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nonverbal IQ, and rise time discrimination. With regard to nonword decoding, English
stress production was not a significant predictor.

Table 10
Hierarchical Regressions Showing the Unique Variance in English L2 Word Reading
Accounted for by English Stress Perception Compared to Phonological Awareness After
Controlling for Age, Nonverbal IQ, and Auditory Processing

Model
1&2

1

English real word

English nonword

Step

Final β R2 change

Final β R2 change

1. Age

.073

.015

.047

.012

2. Nonverbal IQ

.060

.081*

.102

.062*

3. Rise time discrimination

-.281*

.107**

-.128

.034

4. English stress perception

.188

.033

.143

.019

.313*

.086*

5. English final phoneme awareness .329** .094**
2

4. English final phoneme awareness

.094**

.086*

5. English stress perception

.033

.019

Total R2

.330***

.213*

*** p < .001. ** p < .01. * p ≤ .05.

Total Contributions of Auditory Processing, Prosody, and PA to Word Reading
In Table 9, about 30% of the unique variance in Mandarin L1 word reading could
be explained by auditory processing (i.e., pitch contour discrimination), linguistic
prosody awareness (i.e., disyllabic tone perception), and phonological awareness when
age and nonverbal IQ were taken into consideration. Turning to English L2 word reading,
in Table 10, about 33-35% of the variance in English real word reading and about 21-
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24% of the variance in English nonword decoding could be predicted by auditory
processing (i.e., rise time discrimination), linguistic prosody awareness (English stress
perception/production), and phonological awareness with age and nonverbal IQ taken
into account.

Table 11
Hierarchical Regressions Showing the Unique Variance in English L2 Word Reading
Accounted for by English Stress Production Compared to Phonological Awareness After
Controlling for Age, Nonverbal IQ, and Auditory Processing
English real word
Model
1&2

1
2

2

Step

Final β R change

Final β R2 change

1. Age

.103

.015

.072

.012

2. Nonverbal IQ

.088

.081*

.120

.062*

3. Rise time discrimination

-.239*

.107**

-.092

.034

4. English stress production

.225*

.062*

.203

.051a

5. English final phoneme awareness .304*

.079*

.291*

.073*

4. English final phoneme awareness

.094**

.086*

5. English stress production

.048*

.039

.345***

.233*

2

Total R
a

English nonword

p = .069. *** p < .001. ** p < .01. * p ≤ .05.

Discussion
While there is a strong assumption of relations between auditory processing,
linguistic prosody awareness, phonological awareness, and reading, little empirical
evidence has established relationships between these variables. In studies with English
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monolingual children, auditory processing and linguistic prosody awareness were found
to make substantial contributions to English L1 word reading (Goswami et al., 2010;
Whalley & Hansen, 2006). However, to date, there has been relatively little research
conducted on the contributions of auditory processing and linguistic prosody awareness
to word reading in a tone language with logographic writing system (e.g., Mandarin has
four tones and printed words in Chinese characters) and in English as a second language.
In the current study, we examined the links among auditory processing, language-specific
linguistic prosody awareness, phonological awareness, and Mandarin L1 and English L2
word reading in Taiwanese children. In the sections that follow, we revisit the three
specific aims. For each aim, Mandarin measures are discussed first and English measures
second. Finally, limitations and future directions are presented.
Auditory Cues Specific to Mandarin L1 and English L2 Word Reading
Pitch contour discrimination predicted Mandarin L1 word reading, and rise time
discrimination predicted English L2 real word reading when controlling for age and
nonverbal IQ. These findings support the hypothesis that auditory cues might be more
specific to one language rather than another (Antoniou et al., 2014). In this case,
detecting pitch differences becomes more important to tone language speakers and
Mandarin readers than English speakers.
Pitch contour discrimination, however, did not predict unique variance in English
L2 word reading, supporting the proposition that listeners are more adept at processing
pitch variations specific to their native prosodic system (Bidelman et al., 2011; Krishnan
et al., 2010). Individual differences in pitch contour discrimination may reflect the
degree to which children could process pitch patterns at the phrase level, which in turn
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help perceive language-specific pitch patterns at the word level. Mandarin-speaking
children who are good at discriminating pitch patterns at the phrase level would be able
to perceive pitch patterns at the word level (i.e., Mandarin tone perception), which in turn
help distinguish syllables and sound out Chinese character recognition easily. Hence,
pitch contour discrimination might be only specific to Chinese word reading.
In accordance with Goswami et al.'s (2010, 2011) studies with English
monolingual children, rise time discrimination also made substantial contributions to
English L2 word reading. These results suggest that rise time discrimination is important
to English word reading regardless of L1 or L2. Contrary to Wang et al. (2012), our
study did not find that rise time discrimination was a unique predictor of Mandarin L1
word reading in typically developing children. The inconsistency between the two
studies might be due to a number of possible explanations. First, substantial individual
differences were found in Wang et al.'s (2012) study with Mandarin-speaking children
with and without dyslexia. Wang et al. (2012) reported that Mandarin-speaking children
with dyslexia had difficulty on a rise time task when compared to a control group. Hence,
the relationship between rise time discrimination and Mandarin L1 word reading might
be strengthened by substantial individual differences in a group of children with and
without dyslexia.
Second, children’s rise time discrimination thresholds were calculated in different
ways across different studies. In the current study, children’s threshold scores were
computed by adaptively measuring the smallest difference in rise time stimuli that
children could discriminate. In contrast, previous studies have used fixed rise-time
stimuli which is insufficient to measures thresholds and provides a much coarser estimate
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of rise-time sensitivity (Goswami et al., 2010, 2013; Wang et al., 2012; Zhang &
McBride-Chang, 2014). Hence, the relationship between rise time discrimination
between Mandarin L1 word reading might be diminished by the smaller individual
differences in this measure when assessed at the millisecond resolution (present study).
Relative Contributions of Prosody and PA to Word Reading Differed in L1 and L2
The relative contributions of linguistic prosody awareness and phonological
awareness to Mandarin L1 word reading were compared to those to English L2 word
reading. Linguistic prosody awareness made a more substantial contribution to Mandarin
L1 word reading than did phonological awareness; whereas the reverse was observed in
English L2 word reading. The different contributions of linguistic prosody awareness
and phonological awareness to Mandarin L1 and English L2 word reading are discussed
in terms of different phonological structures in Mandarin and English, and interference
between Mandarin L1 to English L2.
Mandarin disyllabic tone perception, but not final phoneme awareness, predicted
the unique variance in Mandarin L1 word reading after controlling for age, nonverbal IQ,
and auditory processing (i.e., pitch contour discrimination). The results may be explained
by the phonological structure in Mandarin and its sound-character mapping. That is,
children need to use phonemic tones to distinguish partial homophones (e.g., ma1
‘mother’, ma2 ‘numbness, ma3 ‘horse’, and ma4 ‘scold’), map these sounds to their
corresponding Chinese characters, and then sound out Chinese characters. This may
account for why linguistic prosody awareness plays a more important role in Mandarin
L1 word reading than does phonological awareness. This finding is mirrored in work
with English monolingual children in which English stress perception and production
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made substantial contributions to English L1 word reading, independent of phonological
awareness (Goswami et al., 2010; Holliman et al., 2008; Jarmulowicz et al., 2007;
Whalley & Hansen, 2006). Taken together, linguistic prosody awareness is a more
important predictor of L1 word reading in Mandarin and English than is phonological
awareness.
Interestingly, Mandarin final phoneme awareness did not explain significant
additional variance in Mandarin L1 word reading after controlling for age, nonverbal IQ,
and auditory processing, even though Mandarin final phoneme awareness was
significantly correlated to Chinese character recognition. A possible explanation is that
explicit instruction in Mandarin phonetic symbols helps children master the Mandarin
phonetic inventory in a short time, and consequently it diminishes the contribution of
phonological awareness to Chinese character recognition. In first grade, Taiwanese
children receive ten-week intensive instruction in Mandarin phonetic symbols for onsets
(i.e., initial consonants in a syllable), rhymes (i.e., syllable vowels, diphthongs or vowels
followed consonants), and four tones, which in turn help sound out each Chinese
character. Furthermore, Mandarin has a simple syllable structure and a small number of
syllable types, with no consonant clusters and only about 1,300 syllables with tonal
distinctions used by Mandarin speakers (Duanmu, 2000).
Contrary to Mandarin L1 word reading, English final phoneme awareness made a
more substantial contribution to English real word reading and nonword decoding than
did English stress perception and production. Our findings, however, do not support the
results of previous studies with English monolingual children that English stress
perception/production, independent of phonological awareness, predicted significant

!

62!

!
additional variance in L1 word reading (Goswami et al., 2010; Holliman et al., 2008;
Jarmulowicz et al., 2007; Whalley & Hansen, 2006). The!inconsistency!in!
performance!between!native!English!speakers!and!MandarinDspeaking!children!
might!be!the!result!of!crossDlanguage!differences.!!First,!the!English!syllable!is!more!
complex,!with!a!wider!range!of!permissible!final!consonants.!!This!characteristic!of!
English!(but!not!Mandarin)!may!be!particularly!salient!in!MandarinDspeaking!
children,!especially!in!an!alphabetic!language!in!which!sounds!are!represented!by!
letters.!!!Second,!Mandarin!L1!speakers!may!not!be!as!familiar!with!the!English!
stress!system!as!native!English!speakers.!!This!may!be!due!either!to!limited!
exposure,!or!practice,!or!both.
It is worth noting that English real word reading was predicted by English stress
production at the word level, but not by English stress perception at the phrase level.
These findings supports the proposition that syllable assembly underlies the association
between English stress production and real word reading (Chung & Jarmulowicz, under
review). This suggests that English stress production task requiring readers to assemble
syllables for lexical stress placement is a robust predictor of English L2 word reading in
Mandarin!speakers.
With regard to English nonword decoding, English stress perception predicted no
significant additional variance after controlling for age, nonverbal IQ, and auditory
processing. The results corroborate previous studies that English stress perception was
not a significant predictor of nonword decoding in either English monolingual children
(Whalley & Hansen, 2006) or adult Mandarin!speakers (Chung & Jarmulowicz, under
review). However, the findings contradict Goswami et al.'s (2010) study with English-

!

63!

!
speaking children with and without dyslexia. The inconsistency between studies might
be attributable to substantial individual differences in English stress perception and
nonword decoding in Goswami et al.'s (2010) study population with dyslexia.
Nevertheless, the contribution of English stress perception to nonword decoding in the
current study was negligible.
Auditory Processing, Prosody, and PA Predicted Small Variance in Word Reading
The three sound-based abilities (i.e., auditory processing, linguistic prosody
awareness, and phonological awareness) did not account for more variance in English L2
word reading than in Mandarin L1 word reading even thought English is an alphabetic
language with close letter-sound relationship. One plausible explanation is that the fourth
graders in the current study may not be proficient in using the three sound-based abilities
to map sounds to letters for English L2 real word reading and nonword decoding. This is
because the fourth graders in the current study had only 3-5 year experience in learning to
read English in a Mandarin-dominant context. They may still be developing the abilities
to use auditory cues, English stress, phonemes to sound out English words.
Additionally, auditory processing skills important to Mandarin L1 and English L2,
pitch contour and rise time respectively, along with language-specific linguistic prosody
awareness and phonological awareness together explained significant variance in
Mandarin L1 and English L2 word reading. This suggests that auditory processing,
linguistic prosody awareness, and phonological awareness are cross-linguistic and crossorthographic precursors in reading development.
It is noteworthy that auditory processing, linguistic prosody awareness, and
phonological awareness made more substantial contributions to English L1 word reading
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(e.g., 51%-64%) in Goswami et al.'s (2010) study than to Mandarin L1 word reading
(24%-35%) in the current study. There are two possible explanations for these results.
First, as mentioned above, substantial individual differences may have been observed in
children of the Goswami et al. (2010) given the inclusion of dyslexic children, an effect
not evident in typically developing children (e.g., current study). Hence, the addition of
an atypical population was likely a source of variability in Goswami’s study. Second,
auditory cues, prosodic and segmental information may not be as important to a
logographic language like Mandarin, because its printed words (i.e., Chinese characters)
cannot be decoded into sounds directly (Hu & Catts, 1998; Siok & Fletcher, 2001).
Hence, in the current study, the fourth-grade children who mastered Mandarin syllable
structure, perhaps through intensive instruction in Mandarin phonetic symbols in first
grade, might rely on morphological knowledge (Hu, 2013) and orthographic skills (Li,
Shu, McBride-Chang, Liu, & Peng, 2012) to map sounds to characters for Mandarin L1
word reading.
Limitations and Future Directions
Although the present study has yielded findings that have both theoretical and
educational implications, its design still leaves some questions unanswered. First, the
current study implemented a correlational design to examine links among auditory
processing, linguistic prosody awareness, phonological awareness, and word reading.
However, the development of the three abilities (i.e., auditory processing, linguistic
prosody awareness, and phonological awareness) is dynamic and interrelated from birth
to school age (Zhang & McBride-Chang, 2010). Hence, longitudinal studies should be
conducted to examine the relative contributions of the three abilities at preschool age to
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reading abilities at early school age. Especially, the relative contributions of linguistic
prosody awareness and phonological awareness to Mandarin L1 and English L2 word
reading might be more clearly delineated when both abilities are measured before
children receive formal instruction in Mandarin phonetic symbols. Second, English
stress perception should be measured by Goswami et al.'s (2010) DEEdee task in which
frequency variations in DEEdee sequences were eliminated. In other words, Mandarinspeaking children would only have intensity variations as a cue to discriminate English
stress patterns. As mentioned in Chung and Bidelman's (under review) study, adult
Mandarin!speakers were poorer at tracking intensity variations in derived pseudowords
than were adult native English speakers. The English DEEdee task with only intensity
variations might be more challenging for Mandarin-speaking children than an English
DEEdee task with both frequency and intensity variations. Third, the two TOWRE-II
reading subtests were timed, which might have influenced outcomes and created a floor
effect in which variability in performance was reduced because the task was too difficult.
Indeed, the fourth-graders in the study did not recognize several English words (i.e.,
about 32 of 108 test words and 13 of 66 test nonwords in the TOWRE-II test).
!

In!Summary,!results!of!the!current!study!indicate!that!auditory!cues!are!

specific!to!word!reading!(Mandarin!L1:!pitch!contour;!English!L2:!rise!time).!!We!
also!find!that!linguistic!prosody!awareness!is!more!important!to!Mandarin!L1!word!
reading!than!phonological!awareness;!whereas!the!reverse!is!observed!in!English!L2!
word!reading.!!Therefore,!the current study highlights the roles of auditory processing
and linguistic prosody awareness in word reading differing in Mandarin as an L1 and
English as an L2.!
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Chapter 4
General Conclusion
The two papers included in this dissertation investigated the role of prosody in
word reading in adult Mandarin-speaking English learners and Mandarin-English
bilingual children. Both papers implemented correlational designs to examine the
contributions of prosodic awareness and other variables to word reading.
In paper 1, we found that adult Mandarin-speaking English learners were aware of
primary stress placement in English derived words as evidenced by better than chance
level scores. Independent of working memory and English vocabulary, stress perception
in non-neutral derivations predicted word identification, whereas stress production in
neutral derivation predicted word identification and pseudoword decoding. Compared
with stress perception in non-neutral derivation, only stress production in non-neutral
derivation tapped the ability to re-syllabify words. The findings suggest that the adult
Mandarin-speaking English learners are less proficient in using non-neutral suffix cues to
locate primary stress, segment words into syllables, and then sound out words. This may
be because they may rely on lexicon or lexical memory but not non-neutral suffix cues
for lexical placement as native English speakers. If this is true, there are practical and
pedagogical implications. The design of English instruction might target English reading
by improving English vocabulary size and awareness of stressed and unstressed syllables.
Lastly, the improvement of multisyllabic word reading might also facilitate both
vocabulary growth and reading skill.
In paper 2, the focus shifted to auditory processes underlying prosody in a group
of children. Two language-specific auditory processing skills, pitch contour and rise time,
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predicted Mandarin L1 and English L2 word reading, respectively. The relative
contributions of linguistic prosody awareness and phonological awareness to word
reading differed in Mandarin L1 and English L2 word reading. Linguistic prosody
awareness was more important to Mandarin L1 word reading than was phonological
awareness, whereas the reverse was observed in English L2 word reading. The three
predictors (auditory processing, linguistic prosody awareness, and phonological
awareness) with age and nonverbal IQ accounted for similar amounts of variance in
Mandarin L1 and English L2 word reading. The findings reflect differences in
phonology and orthography, and interference between Mandarin and English.
Collectively, the two papers contribute to the understanding of prosody and
reading in an alphabetic language like English as a second language and in a logographic
language like Mandarin as a first language. The results of the two papers provide crosslinguistic and cross-orthographic evidence to support the role of prosody in reading in
both children and adults. Given that linguistic prosody awareness contributes to both
Mandarin L1 and English L2 word reading, bilinguals might benefit from reading
instruction designed to enhance awareness of different prosodic systems in Mandarin and
English. In particular, Mandarin-speaking English learners need to explore the novel
interaction between multi-dimensional acoustic features (e.g., fundamental frequency,
intensity, duration, or vowel quality) signaling English stress patterns, which in turn help
foster word reading through phonological awareness. Furthermore, Mandarin-speaking
English learners might benefit from training to increase awareness of English derivational
suffixes conditioning primary stress placement, which will help segment multisyllabic
words into syllables and then sound them out.
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Although the two papers show important contributions of auditory processing and
linguistic prosody to word reading, cross-sectional correlational studies cannot account
for the dynamic interaction between auditory processing, linguistic prosody, phonological
awareness, and word reading from pre-school age to adulthood. Mandarin-speaking
English learners may need to develop the abilities to use auditory cues and English stress
patterns at the beginning stages of English learning and then rely on English stress cues
for multisyllabic word reading at a later stage. The results of these two studies suggest
that Mandarin speakers need more experience with English to explore its novel prosodic
patterns, and then could use its prosodic patterns as segmentation cues for word reading.
An additional developmental factor that might come into play is the first ten-week
intensive instruction in Mandarin phonetic symbols that Taiwanese children receive in
first grade. Ten-weeks of instruction in first grade might be enough for Taiwanese
children to have mastered the Mandarin phonetic inventory and awareness of syllable
structure; consequently, they would demonstrate slight individual difference in Mandarin
tone perception and phonological awareness to Chinese character recognition, which is
what the findings in paper 2 show. In order to see the expected relationships between the
variables, Mandarin tone perception and phonological awareness could be measured in
kindergarten (before phonetic symbol instruction). Chinese character recognition ability
could then be measured in elementary school.
Several other directions might be taken in this line of research. In terms of
populations, a logical direction would be to examine the contribution of auditory
processing and linguistic prosody to word reading in children with autism spectrum
disorder (ASD). Nash and Arciuli (2014) revealed that awareness of English stress
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patterns was significantly associated with real word reading and nonword decoding in
children with ASD. Interestingly, children with ASD developed real word reading,
nonword decoding, and text comprehension unevenly (Arciuli, Stevens, Trembath, &
Simpson, 2013; Nation, Clarke, Wright, & Williams, 2006). That is, real word reading is
easier than nonword reading and text comprehension for children with ASD, suggesting
that children with ASD might be poor in the grapheme and phoneme correspondence and
then rely on sound patterns stored in their lexicon to sound out words. Hence, empirical
studies should be conducted to examine whether children with ASD have difficulties in
using auditory cues and prosodic patterns, which in turn limit the contributions of
phonological awareness and sound-letter mapping to reading acquisition. Another area of
future research that should be considered is the nature of the relation between prosody
and text comprehension. Future research should switch its attention to how individuals
use prosodic cues to comprehend sentences, which in turn would help delineate the role
of prosody in text comprehension.
Contributions to the Dissertation
I was the primary contributor in these two papers, designing the studies,
developing new linguistic prosody awareness tasks, recruiting participants, collecting
data, running statistical analyses, interpreting the results, and writing the papers. My coauthors in papers 1 and 2 provided guidance and feedback in study design and paper
writing. The stress perception in derivation task in paper 1 was obtained from Dr. Lesly
Wade-Woolly through Dr. Linda Jarmulowicz’s personal connection. The auditory
processing tasks in paper 2 were programmed by Dr. Bidelman. In all other cases where
existing materials or software were used, this is made clear in the papers.
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